Department of Physiology at the Medical College of Virginia/Virginia Commonwealth University offered a human physiology course to middle school and high school science teachers in the Richmond, VA, area. It was a three-credit course, team taught, and given at a location convenient to many area teachers. This course served the community by contributing to the continuing education efforts of teachers and concurrently enhanced our recruitment program by advertising "physiology" to teachers who will influence college-bound students for years to come. In addition, we established ties between teachers and physiology faculty such that continuing interactions (e.g., collaborative research during the summer) should be facilitated.
THERE ARE general concerns that education in the US does not focus on science sufficiently to generate the pool of talent needed for the future (1) . Limited resources and the lack of curricular emphasis on science undoubtedly contribute to this dilemma. In addition, teachers at all levels of our educational system must be qualified and motivated to enthusiastically promote the academic growth of those students entering our scientific pipeline.
Outreach programs by academic departments and professional organizations can help to stimulate science education in schools and colleges (2) . For example, the Department of Physiology and Biophysics at the University of Kentucky College of Medicine has offered a Physiology Summer Workshop (4). This particular workshop was offered to 47 college and high school faculty and ran for 6 days. There were morning lectures and afternoon labs. Although this effort was very successful and contained a valuable "hands on" component, it was intense, and the labs were undoubtedly expensive. In another effort, the American Physiological Society (APS) sponsors a "High School Science Teachers Research in Physiology Program" that is aimed at providing high school science teachers with experience in research. This too is a worthy program, but because of the Society's limited funds, only 12 teachers (nationally) received APS awards during the summer of 1990.
The desire to contribute to the enhancement of science education in high schools and colleges, while operating with a shrinking departmental budget, prompted us to consider offering a more traditional physiology course. Laboratory courses or summer research projects require significant lab space and funds for equipment, supplies, and stipends. In contrast, a course limited to didactic presentations is inexpensive and can reach large numbers of teachers. Didactic courses also cover a much broader range of topics, many of which would either be directly applicable to or would serve as background material for topics covered in secondary school biology courses.
Teachers take courses to fulfill requirements for recertification or to simply increase their background knowledge. Discussions with local secondary school teachers at the annual Virginia Academy of Science meeting and a "science inservice" day at a local high school indicated an enthusiastic desire for the availability of science courses. Such courses would bolster the backgrounds of teachers and be a welcomed alternative to "education" courses. Additional motivation for offering this course was related to our recruitment program. It was felt that this particular course would not only serve the community but would concurrently enhance our recruitment effort by advertising "physiology" to teachers who would be influencing college-bound students for years to come. Also, we wanted to establish ties between secondary school teachers and physiology faculty such that continuing interactions (e.g., collaborative research during the summer) would be facilitated. For these reasons our Department of Physiology decided to offer a Human Physiology course for secondary school science teachers.
The idea for a physiology course for teachers was timely, since Virginia's recertification policies for teachers had changed on 1 July 1990. The major change was toward an emphasis on "content" courses and away from "how to teach" courses. Our course helped meet the need for "content" courses and thus gave support to the State's recertification policies. In addition, the course was also in harmony with renewed efforts by Virginia Commonwealth University, as an urban university, to serve its community.
COURSE DESIGN
The course was a traditional three-credit course in human physiology. Its content (Table 1 ) was similar to that in other mammalian physiology courses offered in the various professional schools at the Medical College of Virginia/Virginia Commonwealth University but avoided any highly quantitative treatment of the information. The teaching objectives were to explain how the various organ systems in the human body work, to give clinical illustrations for the importance of knowing this basic information, and to point out areas of current research activity. It was taught from 4:00 to 7:OO P.M. at an area high school for the convenience of the participants and to take advantage of lower off-campus tuition rates. The course met once a week for the entire semester (i.e., 15 wk). By way of team teaching, the burden placed on any given physiology faculty member was minimized.
In our case, no faculty member had more than two of the 3-h sessions.
Copies of the seventh edition of Guyton's Textbook of MedicaL Physiology (see Ref.
3) were given to the participants by the physiology faculty for use in the course. This was done to reduce the costs associated with taking a course that requires an expensive textbook. Some teachers, however, opted to purchase the current eighth edition (3) .
Three open-book, take-home exams were given during the semester. The type of questions were essay and short answer fill-in designed to verify that the participants understood and could clearly explain the physiology of the various organ systems. Memorization of details was not emphasized. The exams were designed to take 1 h to complete if nothing had to be looked up. However, because memorization was not our goal, participants could use as much time as they needed for looking up specific facts, and they had until the next session (1 wk) before the exam had to be turned in. They were told that in most cases a one page response (or less) should be sufficient for the answers to questions associated with each 3-h session. Scores on the exams resulted in 12 A and 3 B grades given in the course.
One local public school administrator supported our effort by making funds available to pay the tuition for the teachers under his jurisdiction who took the physiology course. That support prompted us to concentrate our effort in one county. Enrollment was undoubtedly enhanced by teachers wanting to take advantage of this opportunity to have their tuition covered. Normally participants pay their own tuition for courses required for recertification.
Four middle school and 11 high school teachers, representing quite varied teaching assignments, took the course. The response to the course was monitored during the semester via discussions with participants.
At the conclusion of the course, a course evaluation session was held regarding the effectiveness of the course. Participants were also encouraged to turn in written comments regarding the course, and 12 elected to do so. An additional meeting was held several weeks later with the County Science Specialist and one participant to again evaluate the worth of the course and to seek suggestions for enhancing its effectiveness. DISCUSSION 
Local teachers and administrators
were enthusiastic about the prospect of a physiology course, since few content courses were available. The notion that it was a valuable alternative to the education courses being offered was reflected in the relatively high enrollment. The worth of the course was expressed by one participant who noted that "this is the first solid subject-oriented science course taught to county science teachers." Other comments made by the participants reflected the diversity of the group. One indicated that the course would be of little practical use because "as a middle school teacher most of the content is beyond the student's ability to understand."
A teacher of a more advanced biology course, however, indicated that they would "use this a lot in Advanced Placement" biology. All appreciated the fact that the course strengthened their knowledge base of science while helping them to be recertified.
Although a lot of material was covered in the course, we did not allow the sessions to be crammed, and several even ended early. There was practically no absenteeism. The participants were very attentive during each of the sessions and asked numerous questions. All of this indicated a sustained interest in the course.
Our faculty hoped that this course would foster greater coverage of human physiology in secondary school curricula. Biology and health science textbooks for secondary school students cover this subject sparingly. However, it should follow that teachers would devote more time to this topic with increased knowledge of the discipline. Evidence of this is found in the comment made by one teacher that the physiology course would give "enrichment" to the topics covered in that teacher's classes.
The textbook was a valuable asset to the participants. They used it to reinforce the lecture material and to read about other topics of specific interest to them. Most felt that they would have learned a lot less without a textbook. Despite the acceptance of the textbook used, the physiology faculty concluded after the course that a textbook written for a more general audience than a medical text would have been of greater value to the participating teachers. One such book is Human Physiology by Rhoades and Pflanzer (5) . This book is colorfully illustrated, as are high school biology textbooks, and contains special paragraphs that "focus" on important topics of PHYSIOLOGY   FOR SECONDARY  SCHOOL  TEACHERS   s17 general interest, i.e., acquired immunodeficiency syndrome, hypertension, and kidney stones.
Although take-home exams eliminated some anxieties, the participants still approached the exams seriously and tended to write much more detailed answers than required. They found the exams to be "all consuming" but admitted that they studied and learned the greatest amount of material while preparing the answers for the exams. The consensus was that the open-book, takehome format was appropriate for this type of class. It was suggested, however, that each speaker assign their questions on the day they speak rather than having an exam every 5 wk. This would create more of a building process for the information because participants would thoroughly review the material weekly.
The fact that the course was "team taught" did not bother the participants; in fact, they liked meeting the different faculty members, and the diversity of the lecturers was perceived as a real strength. Most thought the course's content was appropriate and appreciated the wealth of knowledge that was shared with them during the lectures. To further identify pertinent topics, however, it was suggested that a list of "questions that middle school and high school students commonly ask" could be generated by the teachers. This could enhance faculty awareness even more regarding topics of interests.
Because most secondary school biology courses sparingly cover human physiology, the teachers recognized that most of the information they were receiving was to enhance their own knowledge and was not directly applicable to the content of their teaching assignments. With this in mind, most participants judged the course to be quite valuable and perceived it as significantly strengthening their science background. The participant who took part in the course evaluation session that occurred several weeks after the course shared her delight in answering a student's question about "why people shiver while developing a fever." She felt her response was more complete and accurate because of information she had received in the lecture on temperature regulation. In such subtle ways the course should improve the teaching of science.
A few teachers were disappointed that the physiology course did not contain information that they could include in their life science or general biology courses. They found the material too detailed to help them with their specific teaching assignments and they were "turned off' by references to current research activity. These teachers would not recommend this type of course to their colleagues and noted that "there are easier ways to become recertified." To enhance the interest of such teachers, it was suggested that demonstrations of physiological principles be incorporated into the lectures. For example, a "smell kit" demonstration for sensing odors was part of the special senses lecture. This kit is available commercially and can be adopted by teachers in their specific courses. It would be beneficial if more of this could be done.
The course was intended to foster continuing interaction between the participants and phvsiologv facultv.
Evidence that this has begun is the fact that a student of one of the participating teachers is conducting research after school in the lab of a faculty member who lectured in the course. Continued communication between teacher and physiology faculty prompted this additional activity.
The positive response to the physiology course has encouraged us to implement suggested changes and to make the course available to a greater number of teachers. This year we will give the course at a more central location for the convenience of teachers in Richmond and all surrounding counties. Plans are also being made to eventually make the course available throughout the state via telecommunications.
Conchsion.
Courses in human physiology are beneficial to most middle and high school science teachers, even though they do not teach specific courses in human physiology. Whether seeking recertification or self edification, teachers will welcome content courses as valuable alternatives to education courses. Responses to our course suggest that the benefit to participating teachers will be enhanced if 1) lectures are sprinkled with demonstrations that teachers might use in their specific teaching assignments, 2) speakers assign questions on the day they speak rather than having an exam every 5 wk, 3) a list be generated of questions that secondary school students commonly ask to guide the faculty in their selection of topics, and 4) a textbook be adopted that is more suitable for this type of class. Implementation of these suggestions should make the course more exciting and practical for participants.
Human physiology courses are not for everyone. Teachers interested in content for their specific teaching assignments (especially for lower level biology courses that include almost no human physiology) may judge such courses to have no practical value. Most teachers, however, recognize, as one stated, that "the more you know, the better teacher you are. Maybe it's not information that would be used that often, but the greater a teacher's pool of knowledge, the better off the students are." With this in mind, basic science departments should not hesitate to include traditional didactic courses as part of their "outreach program" to local communities.
